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(57) Abstract 

To excavate drifts, tunnels, 
slopes, caverns or the like, tools op- 
erating in an undercutting manner 
are mounted on radially pivotable 
tool arms, which are located on a 
rotary working head. With at least 
one tool (54) on a tool arm (51), a 
central region (Z) of the rock face is 
cut radially from the outside in- 
wards by pivoting of the tool arm 
(51), and with at least one other tool 
(45) on a tool arm (32), an outer re- 
gion (A) surrounding the central re- 
gion (Z) of the rock face is cut radi- 
ally from the mside outwards by pi- 
voting of the tool arm (32). Pivot 
drives (30) for at least some tool 
arms (31, 32, 33) can be controlled 
in such a manner that cross-sections 
with contours deviating from a full 
circular shape can be cut. Muck 
removmg devices (27, 28) are used 
for collecting and transporting away 
the muck produced by the cutting 
operation. 
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Method and machine for excavating drifts, tunnels, 
stopes, caverns or the like 

BACKGROUND OF THE INVENTION 

1. Field of the Invention: 

This invention relates to a method for excavating drifts, 
tunnels, stopes, caverns and the like with tools such as 
disc cutters, operating in an undercutting manner on a rock 
face, and a machine for performing such excavation. 

2. Description of the Prior Art: 

Undercutting disc cutters working from a pilot bore-hole or 
opening are known as an effective cutting system, since in 
such a case, it is not the high compressive strength of the 
rock which must be overcome, but rather only its low tensile 
strength. A tunnelling machine with a rotary head is known 
{DE 31 40 707 Al) , which has a pilot borer located on the 
front of the head working in a conventional manner (i.e. 
using a conventional drilling head) and spaced behind it in 
the axial direction, a plurality of tool supports are 
provided which are formed as radially pivotable arms. Disc 
cutters mounted on these arms start from a centrally located 
pilot hole in order to cut the rock in an undercutting 
manner with a radial pivoting-out motion of the arms. To cut 
the pilot hole with a relatively large diameter using a 
conventional drilling head requires a great deal of effort 
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and is difficult to achieve concurrently vith the operatxon 
of the disc cutters working in the undercutting mode. It xs 
also considered disadvantageous that the pilot bore-hole 
drilling process requires high thrust. 

in another known tunnelling machine (DB 87 17 189 Ul) , two 
pivotable supporting arms equipped with disc cotters ^re 
counted parallel to one another on a rotary head xn such a 
manner that they are located on either sxde of a dxameter 
line of the head. The pivot points of the supportxng arms 
are located on the periphery of the head, in such a manner 
that the supporting arms face one another. Instead of 
drilling a pilot hole, in this case each of the two dxsc 
cutters makes a start on the rock at a point lyxng on the 
far side of the central line which corresponds to the axxs 
of rotation of the head, with respect to the pivot poxnt of 
the associated supporting arm, and then moves along the 
path of pivoting of the arm beyond this central Ixne and 
continues out to the perimeter of the opening. "^^^^ J'^^^ 
that each disc cutter is subject to very dxf er n 
conditions during the course of the pivoting movement of xts 
supporting arm. In particular, each disc cutter starts a 
small distance from the central line, thxs dxstance 
decreasing until the central line has been_ crossed 
Following this, the disc cutter is still operatxng xn the 
Vicinity Of the central cutting area. As will be e^^laxn d 
later, this is inefficient. Moreover, the machxne 
restricted to the use^of only two disc cutters. 

BRIEF SUMMARY OF THE INVENTION 
The Object of the present invention is to provide a method 
of excavating drifts, tunnels, stopes, caverns or the Ixke 
using the undercutting principle, but without the necessxty 
for a predrilled pilot opening,, produced separately usxng a 
conventional drilling h.ad. According to this i-^txon an 
effective cutting of the rock face is possxble under 
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favourable conditions for the tools using solely the • 
undercutting principle. Furthermore, a larger number °^ 
tools than two can be used. In addition to the method the 
invention is intended to create a inachine whxch 
particularly suitable for carrying out the method and wxth 
Which drifts, tunnels or the like can be excavated wxth 
favourable operating conditions for the tools. The xnventxDn. 
also aims to provide, in particular, an advantageous 
e«>bodiment of such a machine. Further advantages of thxs 
invention are discussed in the description given below. 

The invention proposes that with at least one tool mounted 
on a pivotable tool arm which itself . is mounted on a 
rotating head of the machine, a central region of -the rock 
face is cut radially from the outside inwards by pivotang 
the tool arm, and with at least one other tool mounted on at 
least one other pivotable tool arm carrying said tool an 
outer region surrounding the central region of the rock face 
is cut radially from the inside outwards by pivoting the 
said other tool arm. The cross-section obtained thereby may 
be the final profile or an intermediate profile. 

such a method makes it. possible to excavate a drift or the 
like advantageously and with particularly favourable and 
effective operating conditions for the tools without using a 
conventional drilling head to pre-excavate a pilot hole and 
while operating entirely according to the undercutting 
principle. The invention takes into account that dxsc 
cutters or similar tools operating in an undercutting manner 
will not perform satisfactorily under certain conditions, 
under which they are subject to unfavourable effects and 
heavy wear. This is especially the case if all disc, cutters 
are to operate under radial motion with the cutter arm 
pivoting from the inside outwards, particularly if the 
excavation radius is smaller than the radius of the 
excavating disc cutter itself. The "excavation radius is 
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intended to xnean the distance between the "spectxve 
starting point of the disc on the rock face and the 
reference axis. i.e. the axis of rotation of the head. These 
problems are not present in the method according to thxs 
invention. Rather, in this case the disc cutters used can 
operate advantageously with regard to excavating 
performance, stress and wear, because of their posit.onxng 
on the tool arms and the direction in which each tool arm xs 
pivoted. 

The central region of the rock face is normally defined by a 
circle. An outer region surrounding the central region may 
also be circular in projection if a circular drift " prof xle 
is desired. However, other profiles of the outer region can 
also be produced. 

A tool or tools positioned for cutting the central region of 
the rock face and a tool or tools positioned for cutting an 
outer region at the start of the respective cutting cycle 
^ay start at radially different points, in such a manner 
that the cut areas overlap, or the tools may start at a 
substantially equal distance from the reference axxs. In 
this respect, there are several possibilities for carryxng 
cut the method within the scope of this inventxon. 
Furthermore, it may be advantageous to apply to .the rock 
face at least one tool for the central region and at least 
one tool for the outer region simultaneously and then to 
pivot the tool arms radially in opposite directions. In 
another embodiment of the method according to the invention, 
the tools concerned are applied to the rock face at 
different times at the start of each cutting cycle. 

Different radial proportions between the central region and 
an outer region can be chosen according to the conditions 
and requirements. Advantageously. when excavating an 
approximately circular cross-section, the ratio of the 
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radial extension of the central region of the rock face to 
the maximum radial extension of the outer region thereof 
may be chosen so as to correspond at least approximately to 
the i-atio of the number of tools working in the central 
region to the number of tools working in the outer region. 
When a circular profile is being excavated, there is a 
virtually free choice not only in size of the central 
region and size of the outer region, but also irl the number 
of tools for each region. In particular, for a circular 
profile, the central region is chosen as large as possible 
with a correspondingly large number of tools to cut the 
same. 

Within the scope of the method of this invention, by 
controlling the movements of the tool arms, drifts or s topes 
with different cross-sectional shapes and sizes may be 
produced. An outer region surrounding the central region of 
the rock face may receive a noncircular cross-sectional 
shape either immediately from the tools cutting it, or may 
be shaped subsequently to a desired noncircular cross- 
section, after an initial circular cross-section has been 
cut. 

It is advantageous in fact that, at first, during cutting of 
at least a part of the central region of the rock face and 
of an outer region surrounding the latter, a substantially 
circular cross-sectional outline is cut, and thereafter a 
cross-sectional profile deviating from the circular is cut. 
If the central region has not been fully cut at the start of 
the stage last mentioned, which may be advantageous in some 
cases, the rest of the central region may be cut while the 
outer profile deviating from the circular is cut. 

To cut the central region and to cut an outer region, within 
the scope of the method of this invention, an even number of 
tools can be used in each case, either one tool for each 
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. To for each region, or more. Bowever. when 
region or two tools for each regi 

circular, in » .«ant.,..u. .^^e.. »^ 

- - T - rrrr.::.-r.rs-... » 

tunnelling machine • 

H.n. Of the type mentioned, which is particularly 

liTru^'urc. -r^rrnirir:: 

. ^ • ^rx^-a^-able and movable xn T:ne 
»hieh i= rotatabla an .„^ted «l.l=h t. 

excavation, on which head tool ar^ are 
radian, pivotable drivs relatxve to a refer 
£on.in, the «cis of rotation th, head th J 
havin, tool ..pports for tools, such as d.sc cutters P 
tina in • undercuttin, .anner, the machin 
characterized in that: ^ 
. for cutting a cantral resion of the rocK face, a 
c« tool an. is pivotahle fro» a starting Position, xn -hi h 
its tool is located on th. .n,a,.««>t poxnt ""^ / 

faoa, -l^, het.een the .t„al poslt i n 

cir=».f.r.nce of the rock face, i»»ards " 

in which this tool, is located on or near the reference 

«^ the rock face, 
_ for cutting an outer regxon of the r 
„.ing the central region, at least one tool 

p..ota.le fro. a -rt^ rfthTref erence 

located on an engagement poxnt lyxng ^^^^^^^^ 
axis and the outer circumference of the rock f , 
to a position in which this tool is located at the 
circumference of the rock face. 



^omilre a predrilling pilot borer, 
such a machine does not require a pre 

. V, • «niv radially pivotable tool arms. Thxs macnxn 
but has only radxaxxy p . , rUfferent regions 

able to cut a rock face advantageously xn dxff erent 
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operate »ith two '="'= " ^ provided with a 

„ols. and in pranc.Ple each ^ 

rr r.:ui -rjv:r;.: 

varied raqoiremaMs can be met. 

cnt an outer region ^ -;;„:::rVirar" rrr^ultr 
,^er o. tooX ar„s - " ^ ,„,„,e.s in t.e 

arrensement. "itn » .noular intervale «hieh 

clrcuBfarential ^i"/""";;^ J decided ecdordin, to t-e 
differ fro. one another. It can i„ 

„.ired prcf ila eha.e ^-'l;'^^-':^::^:, in the outar 
particular, the number of too oircu.£arential 
r.,ion and/or their "-'^ ^ 7„ ..ape with regard 
direction are chosen to surt the p ^^^^^^ 
to a highly efflciant use of ^ „„^i„e parts 

r„.rd to advantageous load on the 

i.volved. .h. jrXa^ "a^ supporting the tool 

°rtc:'.s*trh::r». the ..Chine or the li.a. 

^ odd number of tool .r.s is '"-.irllTZ^"^' 

r«rt :nLr::^» or h.ve t,o, of 

which are symmetrica^ 
symmetry. 

♦.HnQ tvpe of profile one tool 

1„ a preferred '-"^--'J^'^t al 

i. ...ociated Kith j„. ,.oh other are 

tool arms »ith e-^.l ^^'^^^ „r,ue required for 

provided for an J-^"; ' Jhin. according to this 

cutting the corners "'^ '"^ only about 1.33 

preferred embodiment of the inve 
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two arms at an angular ^^^""^ "° ,,,3 ,t 90 

around twice the torque, and a machxna wxth 4 
degrees spacing needs almost the quadruple torque. 

If external factors demand two arms for the outer region 
irLs. Should have an -ular s ac^ng w^h ^o^^^^^ 
than 180». in particular approxa».t.ly 135 (225 1- 
TZ o .r^. tn, e^.i.ent shouM, in par..cuXar 

2 .rr«.<..a that the «.3Ular spacing b=t»aan each pair of 
La a • .na 135- raapactivei,. But tne angular spac.n, 
also .a, .or e.a»pla. eo- an. 1=0- In r 
=.« in the case of three arms, an equal ang 
arms, as in tne case ^ arms would be 

spacing, i.e. a regular arrangement of the arms, 

advantageous. 

in a profile with an approximately triangular basic shape 
two arms may be provided which are offset relative 

v^ov, i-oaether include an angle of 60 
another by 180» or which together m suitably 
(300O) in the case of three arms, these are most suitably 
thHt two arms include an angle of approximately 
arranged so that two arms i 

60- and the two other angles have the ^^^^^ 
approximately IBOo. In the ^ 'arran e^It 
arrangement with angular ,3,. .^tween 

with angular spacmgs of respectivexj 
each two arms may be particularly advantageous. 



If What is known as a horseshoe profile or similar shape is 
Z Te cut an even number of arms may be advantageous, i.e. 
to be c'^t, an e ^^^^^^^ According 

two arms offset relative 

to the particular contour of tne profile to J>"' 
advantageous. Also, Bore than thraa ar». »a, b. provadad. 
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in the case of cutting an elliptical or similar profile, two 
arms may be used, which are at an angle of SO" relatxve to 
one another. This ' is advantageous with regard to effxcxent 
use of the power provided by the machine, but ^ "^^^ 

regard to an even load on the head bearing. For this 
profile/ furthermore, three arms with egual ^^^^^ll ^ll'^^l . 
are possible, but the number of arms chosen may al.o be even . 
larger if desired. 

All the above-mentioned embodiments with their features and 
modifications are part of the present invention. ■ 

All available tool arms can be mounted on a single' driven 
rotatable head. However, it may also be advantageous to 
provide at least one tool arm for cutting the central regxon 
of the rock face and at least one tool arm 
outer region of the rock face on separate heads whxch are 
rotatable about a common axis. This ^^^^TonlX 
possibility, for example, of selecting xn ^ P-^-;;^ 
advantageous manner the tool-cutting parameters for the 
central region and for an outer region, by operating the two 
heads at different speeds- 

The pivotal axis of at least one tool ar. »ith a tool »r 
cuttin, the central reaion of the roc. face -ay "-.1°""^ 
I or near the reference axis, or have a J 
negative radial distance fro, the reference axx.. 1*." 
options ».». it poeeibl. to „.et various =ircn»=ta.ces or 
conditions in a particularly advantaseous manner. 

Devices for pivoting the tool ar-s are most suitably 
controlled in such a manner that both the dea.e. and .peed 
of movement can be selected a. reouired. Control may xn 
particular involve chan,in, the pivotal angle ^y"^"" ' 
radial path change of the tool and/or changing the force of 
displacement acting on the tool arm or tool respectively. 
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r-:::: 1"= "™j:.rr.;u".::-:, r. 



rock- 



not excluded. 



together, but .re " ^^„^i,i„„, i„ each case can be 

of one «.other so = at leaet 

particularly «ell -et. At least p ^^^^ 
one tool ar« can be controlled xn .ucB _ 
°.cti=ns «ith a contour devi.tin, tro. a full 
cut with its tool. 

^or the tool arms can, in each case, be 
Pivot drives for the tooi specifiable 

. "-e been reecb... 

r^^^^^^ " • — '"■'^^ 
p.ot.i en.. z 

^ revolution "^JJ'^f, tbet eecb tool er. i. 

tool. It ie aesu,.ea xn prxncxp 

provided only «itb one ^ p„etratio„ of tbe 

„orKin, for-ard ''^^^^^Xr^Z^ ' -"i- " 
tool, may re..in constant tbro a ^^^^ 

.e varied by appropriate '^^^^'''J ,„ttin= tbe 

x.r™ef ^^^^^^^^^^^ 

rir:.t:r,rrpivX-.e:» m^rde. . t., ca... 
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\ir r\-\cic cutter 

with the rock becomes smaller, so 
the penetration is increased. 

• cross-section a radial forward 

profile is achieved. 

■ an advantageous 

.ay be tensioned or ^r.PPed ^ J^^; ..a «hich 

and a part --^--^^a:^^^^^^^^^^^^^^ -is . .a. he an 
supports the head. Advan g ^^^^^ ^ 

arrangement with a so-called x ^^^,,,^,1 ^bM (Tunnel 

outer kelly, similar to those xn a 
Boring Machine) . 

■ rs.A in the drift may in particular be 
The part which is grxpped xn the 

capable of . J;;,^^ ^^fLline is suitable for 

horizontal directxons. ^ ,3 3 so-called miner 

very varied applicatxons, for exampi 

machine . 

. or forward feed of the machine may be 
The advance movement or forwa ^^^^ 
effected by means of a s ^ ^^^^.^^ ^^^.^^^ I„ 

formed, fpr instance, by parts particular 
another embodiment, the machxne has a chassx 
a crawler chassis. 

. of the tool arms, their tool 

xn the case of at least ,,,, arms. This 

supports can be —^^^^^^^^ angular adoustability . m 
applies to linear as well as t ^ shortened 
particular, the tool arms ^^^^^^^^ the tool 

telescopically or have ^"P^^^^^^ ^ ^^pports are 

supports, in another embodxment, the t 
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„o„„t«a o„ the tool ar^s so a, to be able to pivot 

ctentx, i. o.ae. t..t . outtin, ™- 

..t. FurtberBora, the tool arms oper.t.h, '^"^ J""' 
o„ ..y b. «a.a to assist re.oval of the 

lok. produced by th. .a=hi„e. These tool ar»s can 
TeTitted with devices that »ill help .ov. the .uc. Xbto the 
muck removal system. 

Purther details, featur.s «.d edvaata^es o£ the ihvehtion 
beco.e clear fro. the following e.pl.natxo„ of 
^odi-ents, fro. tba , associated drawings and fro. the 
claims • 



BRIEF DESCRIPTION OF THE DRAWINGS 



In the drawings: . 
rig. 1. Shows an e^boditaent of the machine according to 
the present invention in a sxde view. 

Fig. 2. Shows a simplified front end view of the machine 
of Fig- If 

shows a partly diagrannnatic side view of a head 
with tool arms in two different positions thereof. 

4 to 11, show partly diagrammatic representations of 
various stages of operation, respectively a plan 
view of the rock face and a corresponding side 
view of the head, the side views showing only one 
tool arm each for the outer region for the sake of 

Fig. 12, showf^' Side view of an adjustable, telescopic 

tool arm, and ^^-^.^b- 

Fias 13 and 14. show two further examples of cross 

" sectional profiles which can be driven xn 

accordance with this invention. 



Fig- 3, 



Figs. 
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DETAILED DESCRIPTION 

Lay 1 .na .n inner body 3 guid.d dispUce,.ly 

^1 Of cylinder-piston units 2. On 

inner .ody 3, . head 4 is rot.taMy 

provided. Which i. for example hydraulic a, a '""^^ 

Lr th. head 4. A plurality ot such "Y^^''^;^:,^ 

The letter M indicates a re£er.nce .x.s, «hich exton 

«e direction o£ advance and i. in particular e^al to the 

":,i:udl\ a.is o. the machine or the axis of rotation of 

the head 4 respectively. 

. K«H^ 1 is carried together with a base frame 6 by 
The outer body 1 IS carriea a , .^^ a device for 

a crawler chassis 7 and is equipped wxth a devx 

•vertically hracin, -^-^^^jlS::^:^^ 
drift S. This device comprises a pair 

aevices 11, a pair of rear upper .ripper device 2 a pair 
of front lower .ripper devices 13 and a pair o rear lower 
.rioper devices 14. These gripper devices can be raised an 

:::: upper and lower hydraulic cy-nder-piston i ts 
15 and 16 and can be gripped against the walls of the drif 

. . shield 17 is mounted on the top of the 

"t ::dr; si = d is connected to the out.r hody 1 
I iZXrs l and cylind.r-piston units 15 and can he 

:L::d' a n:: :he r,of of ... drift to protect the .ach na 

fro. falling 

front of the machine it desired. 

. (™.r 21 is mounted on .aoh side of the outer body 1 
rrs Xtahly connected to the outer hody hy ,oi„tpl.t.s 
r,id can ha pushed a.ainst th. side ..11 of ^he drif t hy . 
cylinder-piston unit 23. These outriders 21 prov.a, 1. era 
^tahillty for the machine. Several such outriders could he 
provided on each side. 
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^ „«oe it may also be advantageous 
" ; X against tH. 

-a" Je. U to le usea .or vertical 

exa-pl., similar to the ^^^^^ 

tracin,. „a optional parts for 

device for horizontal "'"^ ai.ectioa. Separate 

p„,iai™ =t..ui« - anvin, 

rleT: ort^naCi.: l^ or^er to reauoe ,i.ratio„ of 
the head. 

. . « 11 12 13, 14 of the bracing device are 
Thegripperdevxcesll,12, 13 ^^^^^^^ ^^^^ 

suitably matched to the drxft pr ^ ^ 
gripper devices, clamping shields or the 
provided. 

..e machine in the em.oaim»t eho» ai. 

.n./or .ri,e 

control panel 25, an agg 9 collecting and 

— "-th! m a; an Jr hole drill 2S to 

transporting away the --^^ ^ ^^.^.i^, „cK 

provide rock support. ^^^^^^^J ^^^.^^ fitted 
support as well as other supplementary devi 
on the machine- as required. 

. 9 in particular, three tool arms 31, 32 and 

r. :"ir o: zz.. . at e,nai n: 

.ne another an. eeoh .,in, a tool =.POrt « ^. 

holding a disc cutter 4«, 

. . Faeh tool arm j1/ 

undercutting operations. Bach too the head 4, 

. • = K^pr-vet 35 mounted on the front ot tne 
counted in a ^-"^^^ ^^^^ pi.ot about an anis 

in such a manner that the tool .vlinder-piston 

AA^^ nlane For this purpose, a cyixnaei 
36 in a radxal plane. ^^^^ ^^.^^ 

unit 30 (Fig.l) is provided for each 
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,..<, 4 «t..din» into the ^-"^ ^'^l 3, tw 

centre lines of the piston rods of the u 

,.e Piv6t drives 30 for the '^^'^''JJ'lZ^ 

individually or together .n ^^^^^^^^^^^^^^^ on 

carried out manually o ^ly according, to a . 

predetermined conditions, or wholly or par y 

computer program. 

^ *7 9 

Qi -^9 33, Figures Ir 3, 
Regarding the tool arms 31, 22, ^^^^ 
and 11 sh6w only the tool arm 32 xn each 
of clarity of the drawing. 

^. all three tool arms 31, 32, 33 

The arrangement is such that all th 

can assume a starting P^-^-J/:;:: engagement point KX 
the tools 44. 45, 45 are located on^_^ ^ ^^^^^ 

located between ^^^.^ ..^^ing position is shown 

circumference of the drx . ^^^^ ^ 

in Figures 1 and 3 xn fu ^.^^^^^ 

Figure 5. The tool arms 31, 3 , final position 

this starting position xnto thexr resp ,^ ^.^^^^^ 

to form the desired drift P--^ J^^^^^^^^ ,i,,,es 7 and 

I and 3 with broken lines and further 

II respectively. 

,1 32-33, in the embodiment 
in addition to the tool ; present, 

illustrated, a further P-^/;;^^^^ ^direction - is mounted 
Which - Viewed in the ^^-^^f . ,ts mounting is 

between the tool arms 31 and ^3 (^^^'Jj it 
in principle similar to that o ^ oth r^^^ 
is mounted on a bracket 55 (Fig- 
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.ea. 4 in s.cH a .a„n.. tUat it can « ^^^-'^^f ^'/.t:: 

^^c= Rfi AS a pivot drxve, m thxs case 
plane abont =. ax.s 56 As a p ^ ^.^^ ^ 

. c,lina=r-.i»to. " -^"j; „.stanti,l» 

cantilever 5. c ^J^^ ,„ei=ate. 
correspond to the pivot u.. ^ 

tne a««in.s onl. .. a — ^ ^^V, " contoU..le 

arms, either manually, or as a sequenc 

«^ -in another suitable manner, 
to a pre-set program or in anorner s 



m has a tool support 52 with a disc cutter 54. 
The tool arm 51 has a tooi. supp ^^^^ 
The form of these parts may correspond to that 
tool arms 31, 32, 33. 

of the tool arm 51 may be arranged in 
The Pivotal axxs 56 of the ^ ^^^^^^^^^ ^^^^ 

different "-""^^'^^^^ embodiment shown, the 

.ependina on ^^^^^^ ,,,,_e .a , from Xhe 

pivotal a.xs 56 ha P ^^^^ ^.^ 

reference axxs M (Fig. ^' ' " . „f the 

reference a^is M, i-e. approximately - J^^^/^^ 
l^ead 4. Finally, the pivotal axis may ^^J^^^^^^^^l' ^ 

• M which shall be indicated here as 
the reference axis H which sha ^^^^^^^^ 

negative distance -a (Fig. 3) . m ^^^isive, among 

the pivotal axis 56, various criteria may be ^""^^^ J 
them being those of transport dimensions or transp 
conditions of the machine. 

cii can be pivoted out of a starting position, 
The tool arm 51 can oe pivw^^ ^^4„4- 
The tool located on an engagement point E2 

^« M as is indicated with broken im^ 
reference axis M, as is i"^ 

Figures 1 and 3. 
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•n T.OW be described below 
..e operatic, of the 'l^e referrina to tbe 

according to a particular method, 

appended drawings. 

• position for a cutting cycle can be seen with 
The startxng posxtxon f c . ^ ^. 

the engagement points El and b 

Figures 1 to 3, and from Figures 4 and 5. 

R1 Tfi for cutting an 
™. tool =4 on the tool ar. 51 ^^^^ ^^^^ ^ 

„p„:ci.ately circular cantral part ^ ^^^^^^^^ 
i„.ic.t.a a. a central '«"»;;;;t„,„a.a cuttina an 
« on t». tool „,ion The latter 

outer re,xon ^ °^ , arlH »lth a 

Is apprcxunately circuia profiles, it nay 

circular profile , but .hen ,eneratxng other . 
also have another .hape. 

Ouri., the rotation Of - h^ . ^ t^ti:: 

-ron r::"iur Jti-^^^^ rLi::LJX 

erive 50, in the direct.™ of the arrov^ ^^^^ ^ ^^^^ 

tool 50 cuts the central "'""^ ' .erternine. 

th, outside - ;:r.n": per revolution of the 

b, the Change in the pr it „ay 

head can re.ain constant during the 
.e altered, in particular increased. Thi. 1 

fact that »ith each "-'"^^'^^^'^X, ,.^ thrust, the 
disc cutter is reduced, so that 
penetration is increased. 

..k fh. start c£ operation of tool 54 or 
Sinultaneously -ith the start ^^^^^^^ 

optionally «ith a tl.e ag^ P^^^^^^ ^^^^^^ 
,iirectio„ . '"^ ^^^^^ t„„i arms 31, 32, and 33 by 

tt xr,:: :: that the too. 44, 45 .nd . 
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start to cut the outer region A from their respective enga- 
gement points El. 

in Figures 6 and 7 , the tool arms 31, 32 and 33 have reached 
their outer final positions for this operation, and the 
tools 44, 45 and 46 have reached the outer diameter of the 
drift and have cut a circular cross-section (see also the 
final position of the arm 32 shown with a broken line in 
Fig. 3) • 

During this process, the tool arm 51 may have reached its 
final inner position, as is shown in Fig. 3 by a broken 
line, so that the tool 54 has therefore cut the whole 
central region Z. This is an advantageous way to proceed xf 
only a circular cross-section is to be cut. 

When cutting a noncircular drift profile, for example, an 
approximately square profile with rounded corners according 
to Fig. 2 and Fig. 10, this may be effected, for example, by 
first cutting a profile with a circular outline and then 
cutting the parts which deviate from the circle and/or 
extend beyond it. 

This may be effected as a continuation of the operation 
hitherto, in which the arms 31, 32 and 33 cut a profile of 
approximately square basic shape with rounded corners, as 
Figure 10 shows. The tool arms are, in this case, controlled 
with regard to radial path and/or thrust, so that the 
different penetrations, required during a rotation of the 
head result, in order to produce the desired profile. The 
final position of the arms is shown in Figure 11. 

If cutting of the central region Z is still not complete 
when the arms 31, 32, 33 have already generated the final 
contour, it is also possible to proceed so that the arms 31. 
33 are moved into inactive position, until the central 
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.omnletely cut. such a position of the 

region Z has been "'"P^^^"^^. .% ^ be achieved in 

arms is shown in Figures 8 and 9. _ ^.^^ 

paracuiar h. »oving the .ea- : 

in Figure 9 xndxcates J • .j,, arms are 

remaining in contact wxth the continues its 

Pivoted inwards, .he tooi 5. ^ ^J^^^^ in 
»ork. such r.tractioi. of the neaa 
To-e other aspect, ot the cuttina operation. 

„ U a..,o Poa.i..e to .ouht the tooXs o. ^ ■ 

„.pe=tiv=l„ aWustahl, on the a 31. 32.^^ 

.anner. that the tool .i„..^iO»re 7 

te..tive to the at.= .^«. _ 

°" '';r3r33Tto a inactive position he.ore cu.tt.n, 
arms 31, 32, 33 in achieved by slightly 

.on-circular """-""""'ts »lthout the need to -ov. the 
retractin, th. ""J- "Lhodi.ent of an .«u=tahle 

h.ad axially " £„ther below in =onn.rio» 

tool or tool support is explainaa 

with Figure 12- 

.„er co„pletion of a cutting oycle^of the .ina described, 

the .aohine is ^ved '"-""^/^^^^.U^.tion , as shown by 
starting position according to^the illu ^,,„„, 

th. solid lines in ^^'""^ J/J^^ht ca'n be carried out 
4 and 5. The necessary forwar ^^^^ ^^^^ ^ 

Jnrle":r:.chin. b, of the carriage 

7 after releasing the gripper devices. 

..art from drifts. ' — ^^^ 

circular cross-sectxons or wxth pp ,ar 

rectangular "^--^ ^^.^^^^^ with the 

show, numerous other invention. As an 

.ethod and the machine according to thx ^^^^^^ 
example. Figure 13 shows a drxft wxth an 
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^ . flat floor, and Figure 14 an elliptical 
the upper part and a ^^^^ ^ ^ for example. In 

profile, such as may be ^^^^^''^^ ' ^^^^^ Unes the 

— ' ^";jr::ve Teen Proaucea initial., 

circular contours Khich B. 
.ccordiM to the Mthod deEoribed. 

„ 32 33 and the tool ar. 51 can be located', 
The tool ar»s 31, " j„ .^odi.ent, the 

.3 .ho«n. on a smsl^ ""'^ »• ^ cutting an 

tool .r.= for cu«i„, the -'-^j;;";,,':,„ This is 

cuter region ar, 3 h^roKen lines on. the 

illustrated, tor „. 51 for the central 

head, in • ""^^ ,„d the tool .r«» 

region is counted on - 
3,, 3., 33 .or t e outer '^^^^....r.. to the head 
annular head ; "^^^ , , ,„it,>.le n,.nner and 

::\r:::r.;;rt?i;at,.i.^^^^^^^^^^^^ 
:rt:rroaraeT::::::::^^^^ — - - 

- or on. so„e the ^ a..r« ,ith .e^«ols held 

therein c«. he counted vith an angular adjustment 

sr.s, either ,ith ' >-.ar or » th ^^^^^^^ 

re:r:;gran;rr,ir for cutting an outer region. 

. an e,a.ple, .igure 1. aho^a 

CI 1 slide member 57, wni*-" .^.^^v 
tool arm 61. A sixae ^^^^ cutter 

carries the associated tool '^''^f J el. The 

. „, i. alia l» . .e^er 67 is 

out,ard or in»ard „ accomodated in the 

,„ected - a-^readad spindle or other 

rtarad-::::; or .o,in,de,ice can he provided. 
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guided e.g. Pivotabl, on the «»« ,,,„di»ent sho.n in 

, p.e-set angular POsitxon- I" ^ ^^^^^^^ „ . 

broken lines in Fxgnre 12, e g 
.pacer. .hicH i. Pxerc a =re» ^ 

"dTeVkr rtitl ? ai«e"n. Slope, the angular 
^^rVUtool supports, can ..veried.. 

^,nl.r .d,us«ent o. a -1 support =an .e P-"- 

- arr^ge^ent s^^ ^^^'^^^^ „„ ^ 

adjustment; also only 
provided . 

. ^ in the above description or shown in 
features mentxoned xn the abo ^^^^^ ^^^^^ 

the drawings are intended, as ^^^^^ 

:::::::::: i—err^:^^^^^^^^ 
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CLAIMS 



1 Method for excavating drifts, tunnels, stopes, caverns 
or the like, with tools, such as disc cutters, 
operating in an undercutting manner on a rock face, 
mounted on tool arms wich are mounted on a head 
rotating about a reference axis extending in the 
direction of excavation so as to pivot radially 
relative to that reference axis, characterised m that 
with at least one tool on a tool arm a central region 
of the rock face is cut by pivoting that tool arm 
radially from the outside inwards, and in that with at 
least one other tool on another tool arm an outer 
region surrounding the central region of the rock face 
is cut by pivoting- that other tool arm radially from 
the inside outwards. 

2 Method according to claim 1, characterised in that at 
least one tool for cutting the central region of the 
rock face and at least one tool for cutting an outer 
region of the rock face are substantially 
simultaneously brought into contact with the rock face 
and are pivoted in opposite directions relative to the 
reference axis. 

3 Method according to either of claims 1 . or 2, 
characterised in that at least one tool for cutting the 
central region of the rock face and at least one tool 
for cutting an outer region of the rock face are 
brought into contact with the rock face wxtb 
substantially the same radial distance from the ' refe- 
rence axis and are pivoted in opposite directions 
relative to the reference axis. 
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4. 



5- 



-f-Ko central regi'-'ii 
surrounding the ^he number of tools. 

approximately to r^^^ tools 

working in the central region 
working in the outer region. 

Hethoa according to one o. claims 1 ^^^^^^^^^ 
in that when cutting ^ "the rock 

..en at least -\°^:;:;:rr ;:ur region o. the 
face is being cut, together ^.^^^y circular 

.ocK .ace the central "-^'^^/^^r subsequent!, a 

cross-sectional outline is cut, a 

cross-sectional profile deviating from 



cut. 



- "te"r«:o:r— :. ...^ .e. 

movable in the directio radially pivotable by 

- «e -:ir - 

..i,e. r.Ut.« - a.e£ere„^^ ^^^^ ^^^^ 

roMtxon of the a . ^„„ers, oper.tiM 

.upport, for tools, such as f 
an m.4ero»ttihg manner, charactecxs.a 

. o„tt.n, a --s^'u^ro-n: ::: 

,B|, at laast on. ^'J/^^i ,54. is 

startin, position, xn whxch xt to 

on an ^^^^^l^'lj^ llferenco 
the reference axis W and tn position, 

T fR^ inwards to. a txnaj. 

t: ri;:tt;\"or'.M, i. .ocat.. on or near th. 
reference axis (M) ; and 
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for cutting an outer region (A) of the . rock face 
(B) surrounding the central region (Z) at least 
one tool arm (31, 32, 33) is pivotable from a 
starting position, in which its tool (44, 45, 46) 
■ is located on aii engagement point (El) lying 
between the reference axis (M) and the outer 
circumference of the rock face (B) . outwards to a 
position in which its tool (44, 45, 46) is located 
at the outer circumference of the rock face (B) . 

7. Machine according to claim 6, characterised in that for 
cutting an outer region (A) of the rock face (B) an 
odd number of tool arms (31, 32. 33) is provided. 

8. Machine according to claim 7, characterised in that for 
cutting a central region (Z) of the rock face (B) one 
tool arm (51) , and for cutting an outer region (A) of 
the rock face (B) three tool arms (31, 32, 33) are 
provided . 

9. Machine according to one of claims 6 to 8, 
characterised in that the pivotal axis (56) of at least 
one tool arm (51) with a tool (54) for cutting the 
central region (Z) of the rock face (B) is positioned 
on or near the reference axis (M) , on either side of 
said reference axis. 

10. Machine according to one of claims 6 to 9, 
characterised in that at least one tool arm (51) for 
cutting the central region (Z) of the rock face (B) 
and at least one tool arm (31, 32, 33) f or cutting an 
outer region (A) of the rock face (B) are mounted on 
separate heads (4A, 4B) rotatable about a common axis. 
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, . i-h«* tool arms (31, 32, J-a, 

50) as drives for the t:ooj. 

one of claims 6' , to U... 
12. Machine accordxng one ^^^^^^ 

e.aracter..e - J^^^^^ ,,,, ,^1) for cuttin. 

respectively) for the 

the central reason Z of the r ^^^^^^^ ^^^^^ 

tool arm or arms (31, 32, 33) ,,,trollable 
region (A) of the rock face (B) 
independently of one another. 

one of claims 6' to 12, 
13. Hachin. ^ " J"' ,i,es OOl «or t-h= too. 

r rl;. V.o" .B. .re co«.on...e to o.oss- 
sections sith noaoircuX.r contours. 

i-n one of ■ claims 6 to 13, 
.4. Machine --^J^^^^^^^,^ ,,,,,3 (30. 50) for moving 
characterised xn that t ^^^....i^ble according 

tool arms (31, 32, 33, 51) are con 
to a predetermined program. 

1,. «,ca». -"-"^^.rtooT'sJp'ort:":: 
rrrirrs.:::^ - - - - 



le- 



ss. 51, 61) . 

..Chine according to claim ^^J^^^^^^V^ 
supports (62) which are mounted dxsplacea 
associated tool arms (61). 
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17, 



Machine according to claim 16. characterxsed xn that at 
least one tool arm (61) has a telescopically extensxhle 
part (67) with the tool support (62) mounted at its 



18. 



end. 



Machine according to claim 15, characterised by tool 
supports (41, 42, 43. 52. 62) whose anale ^elatxve to 
the associated tool arms (31. 32. 33, 51, 61) 
adjustable. 

19. Machine according to one of 

Characterised in that it has a part (1) f xxable xn th 
excavated drift (S) and a part (3) with the head (4 
or heads .(4A. 4B) displaceable relative to saad part 

(D- 

20. Machine according to one of claim. 6 to 19, 
Characterised in that it has means for -<i— ^ J 
retracting the head (4) of the machine or the entxre 

machine . 

21 Machine according to one of claims 6 to 20. 
Characterised in that it comprises mucK removxhg 
devices (27. 28) for collecting and transporting away 
the muck. 




SUBSTITUTE SHEET 



mm 

PCT/EP91/00814 

-2/5- 




SUBSTITUTE SHEET 



wo 91/18185 



-3/5- 



pCr/EP91/00814 




FIG. 3 



SUBSTITUTE SHEET 



PCr/EP91/00814 



WO 91/18185 



4/5- 




FIGS 





FIG.S 



F/G.7 




F/G.a 



SUBSTITUTE SHEET 



PCr/EP91/00814 



WO 91/18185 



— « — 



-5/5- 



FIG. 





— 






t- i=- t V 



F/G- ^3 




FIG. -/^ 



SUBSTITUTE SHEET 



INTERNATIONAL SEARCH REPORT 

UtiriillWMl«nillritlimWB 



PCT/EP 91/00814 



^•Cl. 5 E21D9/10 



■■iq* 



ChaMaUMSyiMi 



Int. CI. 5 



E21D 



DE,U,8717189 (BERGWERKSVERBAMD) 19 Hay 1988 
see figures 1-4; claims 
(cited In the application)^ 

DE,A,3140707 (BERGWERKSVERBAKD) 28 April 1983 se 

e abstract; figure 

(cited in the appl1cation)_ 

PR A 2241687 (LINDEN-ALIHAK) 21 March 1975 
S4 page lines 6 - 34|__flgures 1, 2 

US,A.3814481 (UNION INDUSTRIELLE BIANZY-OUEST) 
04 June 1974 
see figure 1 

DE.A»2108444 (SUDING & HAIBACH) 
07 September 197Z ^ . . 
see page S, paragraph 3.^f1gure 4 



1, 6 



1, 6 



CMriMittkiafyuaalirMiMM , „..,.rtnn.i 

Saw Br w>« indil ftMW 
•O* <De»MX wwwi«ltD in mi l <liriw a w . m» taaMW 



£SS bSEtaitd *ltb not or Bwra £SKj 



IV, COt nnCATlON 

19 JUNE 1991 

EUROPEAN PATENT OWICE 



24. 07. 91 



SA 46833 



Patent document 
deed in search report 



PubBcation 
date 



Patent fomflf 
member(s) 



DE-U- 8717189 



DE-A- 3140707 
FR-A- 2241687 



07-04-88 
28-04-83 
21-03-75 



None 



None 



US-A-. 3814481 04-06-74 
"dE-A- 2108444 07-09-72 



LU-A- 
AU-A- 
CA-A- 
CH-A- 
DE-A- 
6B-A- 
JP-C- 
JP-A- 
JP-B- 
SE-B- 
US-A- 
US-I- 



68283 
7256674 
1020177 
600134 
2439766 
1474483 
984265 
50075903 
54018644 
411372 
3995907 
B499209 



None 



PabficatioD 
date 



21- 05-75 
26-02-76 
01-11-77 
15-06-78 

06- 03-75 
25-05-77 

22- 01-80 
21-06-75 
09-07-79 
17-12-79 

07- 12-76 
24-02-76 



AT-B- 

CH-A- 

FR-A,B 

GB-A- 

SE-C- 



317120 
564145 
2126262 
1388182 
392501 



12-08-74 
15-07-75 

06- 10-72 
26-03-75 

07- 07-77 



i 

C i 

I For more details about this annex 



: see Official Journal of the European Patent Office. No. 12/82 



